by the use of image-seeking functions. The PATTERSON projection P(xz) was solved after finding two conjugate peaks on the map. These located two sets of inversion peaks upon each of which a scaled minimum function was based. These two functions of rank 2 were combined to give the more powerful minimum function of rank 4. This was such a good approximation to the electron density that the general nature of the structure could be deduced from it.
The PATTERSONprojections P (xy) and P (yz), and their solution by minimum functions (as well as other evidence) suggested that pectolite has a sub. structure, so that it became possible to apply substructure theory2, 3. Accordingly, the partial PATTERSON projections a P (xy) and a P (yz) were computed and solved for the locations of the atoms of the complement structure.
The three projections of pectolite were refined by successive FOURIER syntheses and by difference maps.
The structure of pectolite has already been described1. It is based upon single silica chains differing from the pyroxene-type chains. The Na atoms have an unorthodox environment, and show considerable anisotropic th(3rmal motion. The hydrogen atoms bond together oxygen atoms of two different tetrahedra.
Introduction
Pectolite was formerly regarded as monoclinic 4. WARREN and BISCOE5, examining it by the oscillating-crystal method, noted that the spectra required triclinic, rather than monoclinic, symmetry. PEACOCK6later confirmed the triclinic symmetry from a morphological study.
A brief note of the crystal structure of pectolite has already been published by the author1 but the analysis was treated only in outline. A fuller account, describing the application of a new crystal-structure analysis method 3 suitable to crystals like pectolite, is given here. 
Material and cell data
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Intensity determination
Intensities were measured by the M. 1. T.~odification of the DAW-TON method7 from a axis and c axis precession photographs and b axis DE JONG-BoUMAN photographs.
All measurements were made using MoJ(rx radiation. The (100) and (001) cleavages of pectolite are extremely perfect, and there is no cleavage transverse to these. Consequently, any attempt to break a crystal results in producing indefinitely long splinters parallel to b. Partly for this reason and partly to establish the relation between morphology and structure, one of PEACOCK'Soriginal measured crystals was retained for the a axis and c axis precession photographs.
Since this was a comparatively large crystal for intensity determination, it is known that the hkO and Okl intensities are subject to errors due to absorption. A smaller cleavage splinter was used for the DE JONG-BoUMAN photographs, so that the hOl intensities are more reliable.
Some interesting intensity relations. The c axis precession photographs revealed some interesting relations among the hkO intensities. In the first place it was apparent that the rows of the reciprocal lattice having k even were related by a symmetry plane perpendicular to the b axis, as first noted by WARREN and BrscoE5. But it was further -~-, --noted that the strong reflections near the origin formed a diamondshaped lattice, as shown in Fig. 1 . The relation of this supercelJ in reciprocal space to the true reciprocal cell is A*= a*+2b* B* = -2a* -2b*. This suggests that the unit cell in direct space contains a substructure 2. The period of the substructure in the b direction is b/2 = 3.52 A. This is what would be expected if Ca06 octahedra shared edges to form chains parallel to b. The period of the substructure at right angles to b is such that it does not correspond well with a sheet of Ca06 octahedra parallel to the plane (001), for in this case the substructure would be based upon a nearly perfect hexagonal sublattice.
As a result of these intensity observations, it is obvious that pectolite can be regarded as having a substructure with period b/2. The hypothesis was also tentatively entertained that the structure contains Ca06 octahedra sharing edges and having a subperiod b/2. .
Structure determination
General outline. The structure was determined entirely by solving PATTERSON projections by means of minimum functions. The projection P(xz) was solved by straightforward methods. On the other hand, a new partial PATTERSONfunction was devised to solve the xy and yz projections. Conjugate peaks. A PATTERSONsynthesis is most easily solved if one can find a single peaks. If the crystal has any kind of reflection symmetry, such a peak can often by located with the aid of reflection satellites9. The symmetry of pectolite is without reflection planes, and the symmetry of its several projections is p2~In this symmetry, there is a relation which is sometimes useful in revealing single rotation peaks. This is illustrated in Fig. 2 . The important point of this relation is that for every two non-equivalent rotation peaks, there exists two nonequivalent but equal unsymmetrical peaks. For convenience, let these two equal but non -equivalent unsymmetrical peaks be called conjugate to the two non-equivalent rotation peaks. Whenever a PATTERSON projection shows two non-equivalent peaks of equal weight, they can be regarded as candidates for peaks conjugate to two sets of rotation peaks. The geometry shown in Fig. 2 shows where the two sets of rotation peaks are to be sought, namely at the ends of diagonals of a parallelogram whose sides are given by the vectors from the origin to the conjugate peaks. If peaks are found at the ends of these diagonals, their weights should be proportional to a2 and b2, while the weights of the conjugate peaks should be 2ab.
Solution of the xz projection. The PATTERSON projection P (xz) for pectolite is shown in Fig. 3 . A study of this projection shows two peaks which are non-equivalent yet equal. If these are taken as conjugate peaks of weight 2ab, then the candidate rotation peaks are readily found and have weights which are acceptable as a2 and b2. With two rotation peaks established, it becomes possible to form minimum functions Mz(xz) for each of them independently.
If these are to be combined to form the more powerful minimum function M4(xz), each must be properly weightedS; specifically, if the peak of weights a2 is regarded, as standard then the aMz(xz), formed by using aZ as image point, is weighted as a/a = 1, while the b Mz(xz), formed by using bZ as image point, is to be weighted by a/b.
The properly weighted minimum function a Mz(xz) and b Mz(xz) found from P(xz) of pectolite are shown in the upper part of Fig. 4 The possibility, noted in an earlier section, that Oa06 octahedra share edges parallel to b requires two Oa atoms to be superposed in this projection. This should show up as a heavy peak in the minimum function, and it should be surrounded by oxygen atoms in such a way as to be consistent with octahedral coordination about the Oa atoms. With this start, the upper left strong peak in M4(xz) was identified as Oal + Oa2. The lower left heavy peak was then identified as Sil + Si2 + 09, surrounded by the triangular base of the tetrahedral oxygen environment. The remaining unaccounted-for peaks were assigned, in order of decreasing weight, to Si3 and N a.
With this assignment of atoms to peaks, the general nature of the structure projected on xz was apparent. It was refined in a preliminary way by repeated FOURIER syntheses. The final projection, e (xz), is shown in Fig. 5 . A comparison of e (xz) in Fig. 5 with M4(xz) at the bottom of Fig. 4 shows how well the latter approximated the true electron density.
Solution of the xy projection. The PATTERSONprojection P(xy) for pectolite is shown in Fig. 6 . The pattern of this projection closely ressembles that which might be expected of a crystal with period bj2 rather than b. This is an aspect of the strong substructure feature The xy locations of the Oal and Oa2 atoms, established in this manner, permits identification of the two major peaks of the P ATTER-SON projection P(xy) as rotation peaks for these atoms. Using one of these as the end of a line image, the minimum function M2(xy) can be formed, and this is shown in Fig. 7 . This necessarily shows the pseudo-period b/2 since the image point of both Oal and Oa2 rotation peaks is the same. Such a minimum function is difficult to interpret in respect to atoms not involved in the subperiod.
To overcome this disadvantage, the partial PATTERSON synthesis3 was devised. In this case, since the substructure has period b/2, the substructure contributes only to reciprocal lattice points with period of a line image, the minimum function aM(xy), corresponding to the partial Patterson ap(xy), can be formed. It is shown in Fig. 9 . All of the strong peaks on this map correspond either to atoms not in the substructure (but rather in the complement structure), or, where the area looks incomplete as an atom, to deviations of the substructure atom from an ideal location a.
The atoms to be expected in the substructure are those which pertain to the chains of Ca06 octahedra. These are Cav Ca2, 01' 02' Oa, 04' 05'°6, This leaves Caa, Siv Si2, Sia, 07' 08' 09 to be found in the complement structure, and therefore to be found in the partial minimum function map aM2(xy). The x co?rdinates of these atoms, known from' e (xz), help locate them in aM 2(xy).}t turns out that Caaand 'S~3: are superposed in aM2(xy), and that Oa and 04 show a considerable deviation from ideal substructure locations. After refinement of the entire structure by successive FOURIER synthesis, the electron density is as shown in Fig. 10 . This should be compared with aM2(xy) to understand how well solution of the partial Patterson provided the locations of the atoms of the complement structure. Solution of the yz projection. With the xz and xy projections established, the yz projection is fixed. The projection can also be determined directly as was the xy projection. Figs. II, 12, 13, 14 and 15 show P(yz), M2(yz), ap(yz), aM2(yz) , and e(yz) respectively. Again, it is interesting to compare Figs. 14 and 15 to see how faithfully aM2(yz) has provided the complement structure of e (yz).
Refinement
The projections e (xy), e (yz), and e (xz) were refined somewhat by difference synthesis. The final R factors for these projections are 16%, 21 %, and 25 %, respectively. The comparatively high values of these factors are attributed to using a crystal so large that absorption effects (for which no corrections were made) were severe. The electron density projections, especially Fig. 10 , show the effects of this absorption error in the overemphasis of the F's of high sin () values.
The difference maps revealed that the Na atoms undergo considerable anisotropic temperature motion.
The structure
The final parameters of pectolite are shown in Table 2 . 'J;.'heinteratomic distances for these parameters are given in Table 3 . The general nature of the structure has already been briefly discussed 1. 
